As presented in this work, besides the solar energy conversion efficiency of the photoelectrode, the match between the photovoltage of the photoelectrode and the potentials of redox-active materials can significantly affect the SOEE of the SFBs. To maximize the utilization of the harvested solar energy, the RFB cell voltage should be close to the effective photovoltage of the photoelectrode. Either increasing the RFB voltage or reducing the photovoltage (thus boosting the photocurrent density) could lead to higher efficiency. In light of this, it is highly possible to further improve the SOEE by using well-orchestrated redox couples and meticulously designed photoelectrodes. For example, it is expected that combining this 2.4 V III-V tandem solar cell with a recently reported 1.72 V viologen/TEMPO RFB 10 could lead to a SFB with a higher SOEE and a higher energy density. In addition, the long-term cycling stability of SFBs remains to be demonstrated. In summary, along with the development of advanced AORFBs and advanced photoelectrode materials, the emerging SFB technology will be further advanced and is promising for practical applications in integrated solar energy conversion and storage. 
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Recently in Joule, Zhang, Li, and colleagues reported a new benchmark in photocatalytic overall water splitting. By optimizing the co-catalysts and redox mediator between the light absorbers in a two-step heterogeneous photosystem, the authors reached an apparent quantum efficiency of 10.3% with 420 nm photons.
The anticipated realization of a sustainable and carbon-neutral energy economy at a global scale will require the development of techniques for efficiently and economically storing renewable energy in chemical form. 1 In this regard, the conversion of solar energy directly into chemical energy (solar fuels) is a promising approach currently under intense development. The prototypical solar fuel production reaction is the splitting of H 2 O into O 2 and H 2 given its simplicity, the abundance of water, and the relevance of molecular hydrogen in industry as a chemical feedstock and for conventional fuel cells.
There are a few competing approaches to solar water splitting: combining conventional photovoltaic technology with standard electrolyzers (PV+E), the direct junction of a semiconductor with H 2 O in a photoelectrochemical (PEC) cell, and the photocatalytic (PC) splitting of water with a solid powder or molecular photocatalyst. Technoeconomic analysis of these approaches suggests that given standard solar illumination conditions (1 sun) and comparable solar-to-hydrogen conversion efficiency (h STH ), the PC approach is by far more economically attractive. 2 Indeed, assuming a h STH of 10% and a system lifetime of 5 years, the cost of H 2 production by PC water splitting could be as low as $2/kg, compared with around $10/kg for the PV+E and PEC approaches. The advantage of the PC approach is its simplicity: micrometer-or nanometer-sized photocatalyst particles are easily dispersed in a covered trough or pond at ambient conditions, and the evolved gaseous products are straightforwardly collected.
To generate sufficient driving force (photopotential) to overcome the thermodynamic and kinetic barriers of the water-splitting reaction while also harvesting a significant portion of the solar spectrum, a so-called ''Z-Scheme,'' which employs two complementary light-absorbing components, is typically considered. Figure 1A depicts the electron energy of Z-scheme water splitting, wherein electrons follow the zig-zag pathway (hence the ''Z'' in Z-scheme) indicated by the green arrows from H 2 O through the semiconductor O 2 -evolving photocatalyst (OEP) and out the H 2 -evolving photocatalyst (HEP). The electronic communication between the OEP and HEP can be conducted via an Ohmic contact between the particles, as shown in Figure 1B ; however, in practice the fabrication of these tandem photocatalyst particles is difficult, and the evolution of both H 2 and O 2 in the same gas-collection compartment is a major safety hazard. Alternatively, the separate evolution and collection of H 2 and O 2 can be facilitated by a dual-particle Z-scheme approach where charge transfer between the OEP and HEP is mediated by a redox couple (often called a redox shuttle). Although this approach is the leading conceptual design, 3 the demonstrated h STH of actual dual-particle Z-scheme systems is less than 1%, 4 which is far below the 10% needed for economic viability.
The poor performance of PC water splitting is partly due to the lack of ideal light-absorber materials that exhibit sufficient robustness for direct immersion in water, as well as to the difficulty of managing photogenerated charge extraction from the particles, i.e., following the Z-scheme path and avoiding charge recombination. ) led to a new benchmark performance: an apparent quantum efficiency (AQE) of 10.3% with 420 nm illumination. This performance metric means that when monochromatic light with a wavelength of 420 nm is used, up to 10.3% of the incident photons are productively harvested for driving the overall water-splitting reaction (whereby the balance of photons either is not absorbed or produces photogenerated carriers that simply recombine to generate heat). This is an advance over the 6.8% AQE reported by the authors with a similar system. 6 Although the overall h STH conversion efficiency is only about 0.5% in the current system (and the system must be run under reduced pressure to avoid the back reactions redox couple is that it absorbs light in competition with the photocatalyst particles, gaining further insight into the reported effect could bring its application to other redox couples, and exploiting it in other PC systems is likely to bring additional advances to the field. Finally realizing the practical implementation of dual-particle Z-scheme PC water splitting still requires major breakthroughs in semiconductor material development, as well as the engineering of co-catalysts and redox mediators. Nevertheless, the results reported in Joule are encouraging and drive the field further forward.
